The study of different ethnic groups from a highly admixtured population was able to demonstrate an association between ethnicity and arterial stiffness.
Increased central artery stiffness is an important determinant of cardiovascular (CV) disease risk. 1, 2 Several epidemiological studies reported that increased arterial stiffness predicts mortality and morbidity, independently of other CV risk factors. [3] [4] [5] [6] The decrease in arterial elasticity may also be a consequence of aging 7 or various pathological processes associated with diabetes, hypertension, metabolic syndrome, or chronic renal disease. [8] [9] [10] [11] Arterial stiffness measured through carotidfemoral pulse wave velocity (PWV), a noninvasive method, recognized as one of the classical indices of arterial stiffness, has been associated with measures of subclinical CV disease. 12 Ethnic or racial differences in the prevalence and morbidity of CV disease have been reported among some groups. 13, 14 Studies have shown that the prevalence and mortality from hypertensive heart disease, stroke, and renal disease are higher among African than Caucasian descent individuals in the United States. [13] [14] [15] African Americans have higher prevalence and incidence of hypertension and of end-organ damage than whites. 16, 17 On the other hand, studies have reported that whites present higher coronary artery calcium scores, which has been demonstrated to be associated with the risk of coronary heart disease, compared with other ethnic groups (black, Hispanic, or Chinese from United States recruited from United States). 18, 19 The Brazilian population is one of the most heterogeneous in the world, and it is a mixture of different ethnic groups, composed mainly of European descent, African descent, and Amerindians. 20 Most of the Brazilian population is urban, but some Amerindian communities living in their traditional lifestyle still exists and presents a low occurrence of hypertension and CV diseases. [21] [22] [23] Based on the fact that arterial stiffness is an important diagnostic and prognostic marker for CV diseases and that racial variation is recognized as a factor that influence the incidence and prevalence of these diseases, we have evaluated the association of ethnic differences with arterial stiffness in individuals from the general population and from an Amerindian community in Brazil.
Methods
Study population. A cross-sectional study of risk factors for CV diseases was performed in the urban population of Vitoria, Brazil, using the WHO-MONICA project guidelines. 24 
Background
The impact of increased central arterial stiffness as a predictor of morbidity and mortality, independently of other cardiovascular (cV) risk factors, has been established. The main aim of the present work was to investigate the association of ethnicity on arterial stiffness in different ethnic groups from the Brazilian population.
Methods a total of 1,427 individuals from the general population were randomly selected from the Vitoria city metropolitan area and 588 amerindians from a native community in Brazil. The ethnicity of the general population was classified by a standard questionnaire as caucasian descent, african descent, or mulattos (considered racially mixed subjects). Pulse wave velocity (PWV) was measured with a noninvasive automatic device (complior, colson; Garges les Gonesses, France). results hemodynamic data of PWV, systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean blood pressure (mBP) was higher in african descent individuals than in the other groups (P < 0.001). These results were still observed after adjustment for age and mean arterial pressure (P < 0.001). In addition, studying only normotensive individuals, PWV adjusted levels were higher in african descent individuals, and lower in amerindians when compared with other ethnic groups (P < 0.01), showing, without the possible confounder effects of time and severity of hypertension or medication use, that PWV is associated with ethnicity in our population.
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The study design was based on cross-sectional research methodology and was developed by means of surveying and analyzing socioeconomic and health data in a probabilistic sample of residents from the municipality of Vitoria, Espírito Santo, Brazil. The sampling plan had the objective of ensuring that the research would be socioeconomically, geographically, and demographically representative of the residents of this municipality. The resident population aged 25-64 years in the city of Vitoria was studied. According to the census carried out by Fundação IBGE in the year 1996, the resident population of Vitoria was 265,874 inhabitants. The sampling was performed in four stages: by district, IBGE census sector, drawing lots to choose homes, and drawing lots to choose the individual from each home. The survey was conducted with just one resident of the home that was drawn, within the age group of the study. The draw was carried out by means of a randomization mechanism. A selection of 2,268 residential homes located in Vitoria was made and these were visited. To the individual selected at each of these homes was given explanations of the purposes of the research and invited to participate in the study, after obtaining his or her consent. The selected individuals were asked to attend the Cardiovascular Investigation Clinic of the University Hospital for tests to be performed on the following day. Of the total sample, 1,427 individuals attended.
We also recruited 588 Amerindian, derived from two different groups (Guarani and Tupinikin) living at the Aracruz Indian Reserve, Espirito Santo State in the southeast Brazilian coast. This study was approved by the ethics committee for Research on Human Subject of the Espirito Santo Federal University and National Ethic Committee for Human Research (CONEP Register Number 4599).
Demographic data were obtained through a structured interview. Weight, height, waist and hip were measured according to a standard protocol, and body mass index (BMI) and waist-to-hip ratio were calculated. Subjects were submitted to an ethnic classification according to a validated questionnaire for the Brazilian population and they were classified as Caucasian descent, African descent, or Mulattos (considered racially mixed subjects). 25 Laboratory determinations. Blood triglycerides, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein cholesterol, glucose, and uric acid were evaluated by standard techniques in 12-h fasting blood samples. Diabetes mellitus was diagnosed by the presence of fasting glucose higher or equal than 126 mg/dl or the use of antidiabetic drugs. 26 Blood pressure phenotypes and PWV determinations. Blood pressure was measured in the sitting position with the use of a standard mercury sphygmomanometer on the left arm after 5 min rest. The first and fifth phases of Korotkoff sounds were used for systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively. The SBP and DBP were calculated from two readings with a minimal interval of 10 min apart.
Hypertension was defined as mean SBP ≥140 mm Hg and/or DBP ≥90 mm Hg or antihypertensive drug use. 27 The mean blood pressure (MBP) was calculated as the mean pulse pressure added to one-third of the DBP.
Carotid-femoral PWV was analyzed with an automatic device (Complior; Colson) by an experienced observer blinded to clinical characteristics. Briefly, common carotid artery and femoral artery pressure waveforms were recorded noninvasively using a pressure-sensitive transducer (TY-306-Fukuda; Fukuda; Tokyo, Japan). The distance between the recording sites (D) was measured, and PWV was automatically calculated as PWV = D/t, where (t) means pulse transit time. Measurements were repeated over 10 different cardiac cycles, and the mean was used for the final analysis. The validation of this automatic method and its reproducibility has been previously described. 28 A variable for increased arterial stiffness was also created using a cutoff of PWV values in 9.2 m/s (median value for the studied sample). The intraobserver reproducibility coefficient of PWV measurement in our laboratory was 0.93, calculated in a sample of 26 normal subjects.
Statistical analysis. Continuous variables data are presented as mean and s.d., and categorical variables as frequencies. χ 2 -test was performed for the comparative analysis of the frequencies of gender, hypertension, and increased arterial stiffness according to ethnicity. Differences in age, BMI, waist-to-hip ratio, and biochemical data were analyzed using one-way analysis of variance in the entire group according to ethnicity (Amerindian, Caucasian descent, Mulatto, African descent). Analysis of variance was also performed to compare the means of PWV, SBP, DBP, and MBP according to ethnicity in the entire and in hypertension strata: normotensive and hypertensive groups. When analysis of variance was significant, Tukey's post hoc test was performed to determine significant differences among groups. PWV was adjusted for age, gender, and MBP; and BMI, waist-to-hip ratio, biochemical data, and blood pressure phenotypes were adjusted for age and gender. Finally, a multivariable linear regression model was built. PWV was included as a continuous dependent variable and potential confounders, as well as ethnicity, were included as independent variables (age, gender, BMI, diabetes, smoking status, uric acid, LDL-C, HDL-C, log-transformed triglycerides, mean arterial blood pressure, and heart rate). Ethnicity was codified as follows: Amerindians = 0, Caucasian descent = 1, Mulatto = 2, and African descent = 3. All statistical analyses were carried out using SPSS software (version 16.0, IBM, New York, NY), with the level of significance set at P < 0.05.
results general data of the studied sample
Of the 2,015 subjects, 1,079 (53.5%) were female and 936 (46.5%) male. The frequency of the ethnic groups: Amerindians, Caucasian descent, Mulatto, and African descent were 29.2, 26.7, 38.3, and 5.8%, respectively; and the distribution of gender in each group was similar (P = 0.42).
Amerindian individuals had lower age when compared with other groups. In addition, Caucasians had higher age when original contributions Ethnicity and Arterial Stiffness compared with Mulattos and Africans (P < 0.001). Higher BMI values were found in those of African descent when compared with Amerindians and Caucasian descent and the Amerindians presented higher waist-to-hip ratio values when compared with other groups (P < 0.001) ( Table 1) .
The biochemical data analysis showed the following results: higher triglycerides and lower HDL-C concentrations were found in Caucasian descent and Mulatto when compared to Amerindians (P < 0.001). The Amerindians presented lower total cholesterol, LDL-C, glucose, and uric acid concentrations when compared to Caucasian descent, Mulatto, and African descent (P < 0.001) ( Table 1 ).
Blood pressure phenotypes according to ethnicity
The stratification of hypertension by ethnicity showed that the African descent group had a higher number of hypertensive individuals (63.6%) when compared with the Mulatto (48.9%), Caucasian descent (41.3%), and Amerindian (16.8%) groups (P < 0.001) ( Table 2) .
Hemodynamic phenotypes of SBP, DBP, and MBP were associated with ethnicity in the entire, normotensive and hypertensive groups. Higher SBP values were found in African descent when compared with Mulatto, Caucasian, and Amerindian subjects in the entire sample and in the normotensive group (P < 0.05). However, the Amerindians and Caucasian descent presented similar values in all studied groups (P > 0.05). The DBP and MBP values were different according to ethnicity in all groups. In both the normotensive and hypertensive groups, Amerindians presented lower DBP and MBP values than in other ethnic groups. African descent showed higher DBP and MBP values (P < 0.001) ( Table 2) .
PWV according to ethnicity
The stratification of arterial stiffness by ethnicity showed that African descent had a higher number of individuals with higher PWV values (66.9%) when compared with the Mulatto (56.7%), Caucasian descent (57.6%), and Amerindians (30.1%) (P < 0.001) ( Table 2) .
The hemodynamic phenotype of PWV was associated with ethnic group in both the entire and normotensive groups (P = 0.02 and P < 0.001, respectively). Higher PWV values were found in African descent than in Mulatto, Caucasian descent, and Amerindian groups. While the Amerindians presented lower PWV values than other ethnic groups. PWV values were similar between Mulatto and Caucasian descent ( Table 2) .
We adjusted PWV values for the traditional covariates (age, gender, and MBP). In addition, we tested the adjustment for BMI and biochemical data (triglycerides, total cholesterol, HDL-C, LDL-C, glucose, uric acid). Even after the corrections, PWV values were higher in African descent and lower in Amerindian individuals ( Table 2) . In Table 3 , we describe a multivariable linear regression model adjusting for several potential confounders of the observed association. Interestingly, ethnicity was still associated with PWV as a continuous variable even after adjustment for heart rate, mean arterial blood pressure, age, gender, BMI, diabetes, smoking status, LDL-C, HDL-C, triglycerides, uric acid, hypertension, and antihypertensive drug use.
discussion
The main finding of the present work was the association between ethnic differences and arterial stiffness as measured by carotid-femoral PWV, even after adjustment for important covariates. African descent individuals had higher PWV val- 
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Ethnicity and Arterial Stiffness determinants of ethnicity, it is tempting to suggest that some of the genetic determinants of ethnicity may, indeed, be causally related to PWV interindividual variability. The understanding of these factors may provide new, previously undescribed, pathways for the understanding of the phenotype and, even, for its modulation. Several studies reported a genetic contribution to arterial stiffness; 29, 30 however, they have not yet identified novel molecular determinants or new signaling pathways associated with this trait, mainly because of the multifactorial nature of the phenotype. 31 Future studies assessing candidate genes to change arterial stiffness among different ethnic groups are warranted.
Several factors contribute to changes in arterial stiffness, such as age, 32 gender, 32,33 MBP, 34 and BMI. 12 We adjusted the PWV values for the known covariates associated to PWV (age, gender, and MBP). We also adjusted for BMI and biochemical variables and the results of these analyses were similar. It is difficult, however, to completely exclude the participation of these covariates as confounders in the observed results.
Conceivably, the PWV phenotype will result from multiple interactions. In particular, blood pressure will affect one's phenotype both as a result of blood pressure level during PWV measurement and as a result of blood pressure lifetime exposures. In this scenario, lifetime exposures are more difficult to characterize and the adjustment for current MBP levels will only capture a small fraction of this potential confounder.
The present study demonstrate that in both the entire and normotensive groups African descent individuals present higher PWV and blood pressure phenotypes values, whereas Amerindians show lower values when compared to the other studied groups. In contrast, in the hypertensive group the PWV values were not significantly different between ethnic groups. Rather than believing that statistical significance was not reached because of an underpowered sample size, a different behavior is present in the hypertensive strata. Indeed, by analyzing the mean adjusted PWV values the clear linear trend present in nonhypertensive individuals is not seen anymore in hypertensives ( Table 2) .
In fact, the observation of different patterns of association between PWV and ethnicity in hypertensives and normotensives deserves further discussion. One possibility is that our sample may have been underpowered for identifying this association in the hypertensive subgroup. This does not appear to be the sole explanation because mean values were not organized in the same linear trend as the observed in the normotensive group. Another possibility is that adjustment for current blood pressure is not a perfect surrogate for live-time hypertension exposure and time because hypertension diagnosis or long-term severity of hypertension could represent unadjusted confounders. A third possibility is that, indeed, hypertension does change the once present relationship between ethnicity and PWV. In this scenario, once you have hypertension it is such an important factor in the determination of PWV that it reduces the importance, and consequently the capacity to detect, other factors. All possible explanations may be simultaneously operant in explaining our findings.
Din-Dzietham et al. studied 268 African Americans and 2,459 whites, and suggested that large artery stiffening either occurs earlier, or is more accelerated in African American than in whites, perhaps as a result of earlier exposure to multiple risk factors, including hypertension. 35 Similarly, Chaturvedi et al. reported that aortic stiffness and blood pressure phenotypes are increased in African Caribbeans compared to white Europeans using carotid-femoral PWV. 36 However, in a Brazilian study with white (n = 82) and black (n = 38) normotensive and hypertensive individuals, Ferreira et al. were not able to observe higher PWV values in the individuals of the black normotensive group when compared with whites. 15 Some studies were conducted with Brazilian Amerindians. 21, 37, 38 One of these reported that Yanomami Indians, for example, had an average arterial pressure of only 96/61 mm Hg and, hypertension and obesity cases were not found. 21 ,37 Indeed, we have previously described in the Amerindians a different relationship between both SBP and DBP and age when compared to non-native individuals, 23 but PWV measures have not been previously explored in these studies.
Reduction of arterial compliance and increased blood pressure are two factors highly correlated. This fact is evidenced by studies that demonstrated that the presence of systolic hypertension increases PWV 39, 40 and that small arterial compliance has been proposed as a possible mechanism in the initiation, progression, and etiology of hypertension. 1, 41 This study showed that African descent individuals had higher PWV and blood pressure values when compared to other ethnic groups. Some mechanisms may help us to explain these results. Meyer et al. showed in a postmortem study, that blacks presented higher arterial collagen concentrations than white subjects. 42 Regarding vascular function, Lang et al. observed lower forearm blood flow responses to intra-arterial isoproterenol infusion in healthy black men compared with white men. 43 The same group subsequently observed similar reductions in the vasodilator responses to methacholine and sodium nitroprusside, suggesting a generalized abnormality of vasodilator function in healthy black subjects. 44 Finally, Leung et al. showed that increased arterial stiffness may result from repetitive cycles of stress and strain with subsequent induction of vascular smooth muscle cell growth and synthesis of matrix components. 45 This structural modification of the vessel could be caused by higher blood pressure levels in African descent individuals.
We have corrected PWV values for MBP, gender, age, and BMI, to prevent these factors to act as confounders on the arterial stiffness differences we are observing. It should be highlighted, however, that this statistical correction does not negate the possible influences of these factors, particularly because our populations were not matched for these variables and the study was not designed to address possible mechanistic influences that may have contributed to the differences in PWV between the different ethnic groups.
Our study has some limitations. First, we performed three measures of ambulatory blood pressure on a single study visit for hypertension classification. It should be noted that this original contributions Ethnicity and Arterial Stiffness form of evaluation increases the likelihood of misclassification of hypertension. Second, the use of antihypertensive or lipidlowering drugs could bring some confusion, since we do not know if the diagnosis was correctly made before the study or if the use of such medications had any effect on PWV measurements. Nevertheless, in the normotensive group, the analysis of arterial stiffness was not influenced by the use of antihypertensive drugs. Third, we used a validated questionnaire for ethnicity classification for this population instead of using genetic markers of ancestry. Finally, even though statistical adjustments have been made, the population samples were not matched for age, gender, blood pressure, and other important variables that could affect PWV and potentially confound our observations.
In conclusion, we demonstrated that PWV values were higher in African descent and lower in Amerindians compared with other ethnic groups. Future studies are necessary to identify possible differences in the arterial structure and in CV risks factors among these ethnic groups. In addition, we hypothesize that some genes related to arterial stiffness could be expressed differently between individuals from different ethnic groups, leading to different profiles of vascular structural and functional phenotypes.
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